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Abstract: Currently about 2.71 billion humans use a smartphone worldwide. Although smartphone
technology has brought many advances, a growing number of scientists discuss potential detrimental
effects due to excessive smartphone use. Of importance, the likely culprit to understand over-usage is
not the smartphone itself, but the excessive use of applications installed on smartphones. As the current
business model of many app-developers foresees an exchange of personal data for allowance to use an
app, it is not surprising that many design elements can be found in social media apps and Freemium
games prolonging app usage. Itis the aim of the present work to analyze several prominent smartphone
apps to carve out such elements. As a result of the analysis, a total of six different mechanisms are
highlighted to illustrate the prevailing business model in smartphone app development. First, these
app-elements are described and second linked to classic psychological/economic theories such as the
mere-exposure effect, endowment effect, and Zeigarnik effect, but also to psychological mechanisms
triggering social comparison. It is concluded that many of the here presented app-elements on
smartphones are able to prolong usage time, but it is very hard to understand such an effect on the
level of a single element. A systematic analysis would require insights into app data usually only
being available for the app-designers, but not for independent scientists. Nevertheless, the present
work supports the notion that it is time to critically reflect on the prevailing business model of ‘user
data in exchange for app-use allowance’. Instead of using a service in exchange for data, it ultimately
might be better to ban or regulate certain design elements in apps to come up with less addictive
products. Instead, users could pay a reasonable fee for an app service.

Keywords: social media/messenger apps; Facebook; WhatsApp; Internet addiction; smartphone
addiction; Internet use disorder; smartphone use disorder

1. Introduction

According to current estimates, about 2.71 billion humans use a smartphone worldwide [1].
Without doubt, one of the major driving forces towards a totally connected world with the Internet
available in everyone’s pocket was the inception of the iPhone in 2007 [2]. The wide distribution of
smartphones led to unprecedented opportunities enabling humans to find their way in unknown
territory via services such as Google Maps, to reach out to friends and business partners via a myriad
of communication channels, and abundant easy access to knowledge earlier only available via visiting
a library and the study of lexicons.
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1.1. Perils of Smartphone Use

Despite the many advantages of the smartphone, it is heavily discussed among scientists around
the globe if problematic usage of the smartphone could have detrimental effects on our mental
health [3,4]. Furthermore, associations between anxiety disorder, depression, and problematic use of
the smartphone have been observed (underlining the sincerity of this topic), but the causal relationship
of effects between the constructs is still unclear [5]. In any case, new research suggests that the many
interruptions due to high frequency use and the many daily incoming messages fragmenting everyday
life could reduce productivity at work [6-8] and lower a person’s well-being [9,10]. Another research
group stresses that the availability of smartphones even might lead to “brain drain”, when the device
is present on the desk while working on a fluid intelligence task or working memory task [11]. In this
context, a recent review summarized the literature on cognitive functions [12]. Therefore, this is area of
research is not further presented in detail, here.

Beyond the mentioned issues, (excessive use of) smartphones is known to impact on social
communication in terms of reducing smiles when interacting with strangers [13], enjoyment of
face-to-face interaction [14] or drawing parent’s attention away from their children [15]. This might
result in a loss of empathy, although so far only correlations between excessive Internet use and lower
empathy/social skills could be established [16,17], with only weak associations between excessive
smartphone usage and empathy [18]. Again, note that the latter associations base on correlations and
so far it is not clear what is cause and what is effect. Moreover, important insights of a study are
mentioned which on the one hand observed reduced social skills in excessive Internet users, but on the
other hand observed enhanced empathy when the Internet is used in a healthy way [19].

Beyond these observations, a growing number of scientists are focusing on the question of whether
excessive smartphone usage could resemble a full-blown addiction [20-22]. Of importance, ‘smartphone
addiction’ is currently not recognized in the official diagnostic manuals such as the International
Classification of Diseases-11th Revision (ICD-11) issued by the World Health Organization (WHO) or
the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) issued by the American Psychiatric
Association (APA). Both ICD-11 and DSM-5 offer practitioners and researchers alike valuable guidance
in psycho-diagnostics. With respect to the general debate on the addictive nature of excessive usage of
online content, it is noteworthy that Gaming Disorder, as a specific form of ‘Internet addiction’, has
been included in ICD-11 [23]. This means that a first form of ‘Internet addiction” is recognized as an
official health condition, now.

Given the nomenclature of ‘Gaming Disorder” in ICD-11, but also ‘Internet Gaming Disorder” in
DSM-5 (see Section 3 in the DSM-5’s appendix), many researchers currently prefer the term of ‘Internet
Use Disorder’ (IUD) over the classic term ‘Internet addiction” [24-26]. With this wording, scientists also
stress that a certain kind of online usage and not the Internet per se poses a problem. Therefore, and in
line with a prominent model to characterize and understand IUD by Brand et al. [26], the term IUD is
also used in the following. Explicitly, it is mentioned that researchers should not over-pathologize
everyday life activities [27] and aim at a unification of terms used in the literature in line with the
officially suggested nomenclature.

In this context, one currently might prefer the term Smartphone Use Disorder (SUD) over
‘smartphone addiction” and understand SUD best as a mobile form of IUD. Of note, many
researchers currently use the term problematic smartphone use (PSU), which from our perspective
is also ‘problematic’, because it is not clear if PSU represents a transit zone from healthy towards
psychopathological behavior or the end of the spectrum. Correctly, it has been pointed out, that the
smartphone does not represent the culprit to understand excessive use of this device [28,29]. Instead
one must focus on the manifold installed applications on the smartphones to understand why people
are getting ‘hooked’ to their devices [30]. In this context, it will be of relevance to also distinguish
between social and non-social forms of smartphone use to ultimately understand its addictive potential.
Interestingly, it has been shown in recent works that higher extraversion (going along with more
assertiveness, but also sociality) is not linked to SUD [31,32]. Hence, core social use of social media apps
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on smartphones (e.g., to stay in touch with friends) might represent the healthy form of smartphone
use, reflecting also homo sapiens’ urge for social bonding as also outlined in Pankseppian Affective
Neuroscience Theory [33]. This all being said, it is understandable that the most prominent categories
currently being researched—potentially causing addiction-like symptoms when being overused/or
used in the wrong way—are social media/messenger platforms and Freemium games.

As prominent representatives of social media applications, Facebook, Snapchat, Instagram, and
Twitter can be named and as a prominent messenger application WhatsApp or Signal. Without
doubt, this is the Western view on this topic, whereas in Asia (particularly in China) the application
WeChat dominates the market as a hybrid between social media and messenger application plus pay
service [34].

The aforementioned term, Freemium, is a hybrid of the English words ‘free” and ‘premium’. In
the realm of Freemium games, this means that the basic version of a game can be downloaded at no
monetary cost. However, the person playing a game pays either with his/her data produced while
playing, by paying attention to ads, e.g., in exchange for further game-energy, or by paying money
to access ‘premium’ content. Freemium games are very relevant for the present work investigating
elements of apps built to prolong usage time, because such games most often run with the business
model of ‘gaming service in exchange for your data’.

In a work by Montag et al. [35] it has been demonstrated that about 30% of daily smartphone
use is accounted for by WhatsApp and Facebook usage in a German sample mainly ranging between
ca. 15 and 35 years. Moreover, a recent work by Sha et al. [28] showed that the concepts of SUD and
WhatsApp Use Disorder overlap in large parts (correlation of rho = 0.68). A new work underlines
the overlap between SUD and excessive social media use, but also links between SUD and (Internet)
Gaming Disorder [29]. Once more, this suggests that for the understanding of excessive smartphone
use, researchers must also look at the high frequent use of specific applications on the smartphone
and not only on the mere use of the total/frequent usage of the smartphone. The focus on social
media/messenger applications alone would be a too narrow approach, because according to current
numbers also Freemium games play a crucial role when one wants to understand what people are
doing on their smartphones. To illustrate this: According to statista.com, “In early 2016 ... U.S. gamers
played an average of 3.6 mobile games per month, and 1.3 games on a daily basis” [36].

1.2. Main Research Questions in the Available Literature Investigated so Far

Looking at the growing literature dealing with Internet and Smartphone Use Disorder, it becomes
apparent that most studies apply a confirmatory approach to understand IUD/SUD. Since the beginning
of this research field with the case study of Kimberly Young [37] scientists tried to test if already existing
symptoms in the realm of pathological gambling and/or substance related addictions can be transferred
or applied to this potentially new form of a (online) behavioral addiction. It is not surprising that many
existing self-report inventories in the field still test if symptoms such as preoccupation with the drug
(here the Internet or a certain application), withdrawal symptoms, development of tolerance, loss of
control, to name a few, can be associated with excessive Internet usage. Beyond such a confirmatory
approach, many studies until this day deal with the important question if and what psychiatric
co-morbidities can be observed when dealing with IUD and SUD. Of note, earlier works demonstrated
co-morbidities with ADHD and depression [38—40], but also burnout [41] when investigating IUD.
Earlier, links between SUD and depression/anxiety disorders have been already mentioned [5]. Of high
importance, in the last years the research field has moved forward beyond these questions. Now,
researchers also look at the processes explaining how addictive behaviors develop out of habits in the
context of IUD and SUD. Up to now, presumably the most promising model to understand this process
is the aforementioned I-PACE model by Brand et al. [26]. It argues that a complex interaction between
person-affect-cognition and execution variables underlie the development of IUDs. IUDs are explicitly
mentioned in plural here because from the introduction it should be clear that distinct forms exist
such as Gaming Disorder or Internet Communication Disorder (ICD; or ‘social media addiction/use
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disorder’). This perhaps warrants a more focused research approach—instead of relying too broadly
on IUD and SUD (see [31,32] and Montag et al. [42] for overlaps between generalized and specific
forms of IUD). Of note, neuroscientific approaches have also been abundantly applied to understand
the psycho-biological mechanisms underlying the different forms of IUD/SUD. Due to space restriction,
it is referred to a new review study here [43].

Although, the different strains of research presented so far in Section 1 led to valuable insights
into the nature of IUDs, only few studies until now aim to understand why specific online applications
and their in-built elements are potentially addictive [44,45]. This should be achieved with Section 3 of
this work. Of note, in the present work, the term ‘application(s)” describes services such as Facebook
or Instagram on platform level, whereas the term ‘elements/features’ refers to certain parts of the
applications investigated further in Section 3. Furthermore, it is stated that the terms ‘elements’ and
‘features’ are used in an exchangeable way.

2. Methods

In the current work, several features of social media/messenger platforms and Freemium games are
presented, which have been developed to grasp a maximum of the online user’s attention. The ‘classic’
app-business model of Silicon Valley asks the user not to pay with money to be able to use a certain
application but with his/her personal data. Consequently, app developers have a keen interest in
designing their online platforms with the goal to keep users occupied as long as possible [30]. This in
turn means that more data per person can be harvested. With an increasing amount of data, revenues
tend to rise, due to more effective microtargeting (i.e., sending a person customized ads). This is also
shown by Matz et al. [46] demonstrating how clicks and buys can be boosted by the use of personalized
ads. In the following, several app mechanisms are presented in alphabetic order. Some of these thoughts
have been already covered in a chapter published by the authors in German language [47]. With the
present paper, the main points of this earlier work should be made accessible for an international
audience. Of importance, the present work is not a systemic review, but rather presents first insights
into elements built-in social media and Freemium game apps. These insights have been derived by
analysis of prominent and often used apps such as Facebook, WhatsApp, or Candy Crush. What
follows is an overview of features built into social media/messenger and Freemium game applications
likely prolonging app usage.

3. Results

In this section, we will cover six prominent psychological/economic mechanisms built-in social
media apps and/or Freemium games. For an overview, see also Table 1.

3.1. Endless Scrolling/Streaming and the Concept of Flow

App and platform technologies are designed to be immersive, hence producing flow while using a
certain app. Flow itself is a positive state of mind, which can promote high productivity. An important
prerequisite for flow is that the difficulty of a task matches the ability of a person. If there is no fit, the
person is either feeling anxious (the task is too difficult) or bored (the task is too easy). Other flow
prerequisites are a clear goal set and a sense of personal control over the task. For a detailed introduction
into the concept of flow and additional prerequisites, see the seminal work by Csikszentmihalyi [48].

Flow is needed and warranted in different kinds of work processes, however, it can actually be
‘fatal” in the case of applications on the smartphone or other ‘ubiquitous’ devices, when attention
should be focused somewhere else: It is well known that flow goes along with a feeling of time
distortion and this is exactly what many developers of social media apps and Freemium games aim to
achieve—a person being so immersed that he or she is forgetting about time and space while using a
platform or app (cf., [30,49,50]). The distracting aspects of many applications on the smartphone are
also a well-known danger for every day traffic [51] and in many countries led to the prohibition of
smartphone use while driving a car or riding a bike.
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One technique used to prolong usage time in this context is the endless scrolling/streaming
feature. For example, on the video platform YouTube one can scroll down endlessly with apparently
no end. By endlessly scrolling down, the user is getting more and more immersed (perhaps also on a
motor level as perceiving the scrolling as a playful activity) while not coming to a natural stop, where
he/she might easily reconsider to quit or change the platform. The behavior of endless scrolling is
enhanced, because the user finds from time to time something rewarding (e.g., a funny or interesting
video), hence intermittent conditioning principles are observed here (see also research on intermittent
conditioning principles in the context of slot machine mechanisms by Harrigan & Dixon [52]). The same
phenomenon is at work when “‘auto play’ is the default: e.g., when watching a video on YouTube or the
favorite series on Netflix or Amazon Prime. As soon as one video is at the end, the next video begins
with either a similar content (on YouTube) or the second episode of a TV show at Netflix and so forth.
By this process, viewers get more and more absorbed, which makes it hard to stop watching.

3.2. Endowment Effect/Mere Exposure Effect

The endowment and the mere exposure effect play important roles in the areas of social media
and games. One very prominent game including a simple variant of both effects is called “Hayday”
which was released in 2012. This game is still very popular today but already belonged to the most
successful Freemium games in 2013 [53]. In this game, the user aims at building a large farmland,
where he/she is entitled to feed cattle, harvest crops and follows other agricultural related activities.
As with other games, progress without investing money is very slow, which means that after some fast
progress at the beginning of the game (to attract people to the game), rewards in terms of the urgently
needed relevant game currency are scarce.

Where do the endowment effect and the mere exposure effect come in? The endowment effect
describes that buying or owning a product leads to a higher (emotionally felt) value of the product,
often way beyond its actual value [54,55]. In real life, this would explain why after buying a cheap
souvenir for 2.99€, this thing starts to rise in the subjectively perceived value: reasons for this could be,
that carrying the souvenir home feels like an investment and that fond memories of the holiday are
also attached to it. This leads to the effect that the value attached to it, if, e.g., asked to sell the souvenir
to someone else, often exceeds the original price. Both ownership and loss aversion are discussed as
reasons for the endowment effect.

In the context of smartphone games, this plays out as follows: every time players visit the app
platform and invest more time in the construction of the virtual world, it will get harder for them to
detach from the game or even delete the app. This is in particular the case, if the progress has been slow
and it took the users a very long time to construct the online world. It is their own little world now
(resulting in the endowment effect). Also, of importance is the mere exposure effect [56]. The mere
exposure effect describes that the more often you are exposed to a certain (neutral) thing or application
(here a game), the more you like it. This has even been shown for the initials of your name (for an
introduction in the initial preference task, e.g., see Sariyska et al. [57]) and seems to be applicable also
for many of the gaming or social media apps.

3.3. Social Pressure

A successful way to increase data flow in an application is built into the popular messenger app
WhatsApp. WhatsApp represents one of the most successful messenger services used worldwide to
exchange text messages and pictures. At the time of writing, WhatsApp has about 1.5 billion users
worldwide [58].

Users on WhatsApp are nudged (to encourage someone to do something in a way that is gentle
rather than forceful or direct [59]) to communicate fast and often on WhatsApp due to the ‘double tick
function’. If a user sends a message to a friend, the sender is presented with two gray ticks, which
means that the message has successfully arrived at the recipient’s phone. If the recipient reads the
message, the grey ticks turn blue. As both sides know about these rules, social pressure emerges.
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Both parties likely expect a fast answer, above all, if the message apparently has been read. This way,
the users of the popular WhatsApp messenger are nudged towards faster communication via social
pressure. This process is also known to undermine well-being [60] and might in parts be responsible
for rising social concerns when people start to use smartphones [61]. Clearly also a link between
features such as the double ticks and the concept of Fear of Missing Out (FoMO) can be established,
with FOMO describing the anxiety/fear to miss something in one’s own social network [28,62].

Of note, the economic principle of ‘nudging’ can also be illustrated by the default settings of a
fresh WhatsApp installation. The default mode of WhatsApp comes with the ‘double tick function’
being activated. Most users do not know that they are able to deactivate this app-feature. In general,
the “power of defaults’ is a well-known principle applicable to decision making in many different areas
and especially in software applications [63,64]. The percentage of users that actually take the time to
check or even change the default settings may depend on the specific target group, the importance of
the application, and the application design. For instance, there is an anecdotal report by Microsoft that
only 5% of Word users change the defaults settings [65].

In sum, system design of apps nudges a person to behave in a certain direction. For person
characteristics influencing the perception of these mechanisms, please see Mai et al. [66]. Social pressure
plays not only a role on social media platforms to enhance user engagement, but also in computer
games. Prominent games such as the massively multiplayer online-role play game (MMORPG) called
World of Warcraft (WoW) enable participants to meet in so called ‘guilds’, hence groups of persons
who meet at a certain time online to go on a mission together (in the aforementioned WoW game this
could be a ‘raid’). As such a guild in particular performs well when being complete, the pressure on
the individual of such an online group rises to be at a certain time in the online world to support one’s
own guild. This goes along with a stronger focus in life on online activities instead on perhaps more
pressing issues in the offline world.

3.4. Show Users of an App What They Like

A strong feature for prolonging usage time on social media platforms is the prominent ‘Newsfeed’
as built-in in the Facebook application. Over the years, Facebook developed machine learning
algorithms studying the behavior of their users in detail on the platform. In order to get to know their
users better, they do not only record what people ‘like’ (i.e., give a ‘thumbs up’) but also how long
they hover over a certain post. This could be interpreted as showing a special interest in a certain area.
“Textmining” enables Facebook & Co. to do sentiment analysis and to understand not only what is
interesting for their users but also in what mood they are [67-69]. Although, the role of mood for
buying decisions/advertising is complex [70,71], such a variable might be of (high) interest to many
of the companies behind manifold smartphone/Internet applications. The analysis of the different
elements presented in this paragraph technically can all be used to plant the most interesting news in
one’s own personalized ‘Newsfeed’.

The ‘Newsfeed’ on Facebook is the entry for every user when logging in. Facebook has a great
interest in studying the behavior of each person at perfection and in much detail, so that at best only
such information is presented in the ‘Newsfeed” which is most interesting for the user. Otherwise,
people could get bored and close the browser window. For a work dealing with user beliefs considering
how the algorithm applied behind the ‘Newsfeed” works, please see Rader & Gray [72].

3.5. Social Comparison and Social Reward

Perhaps one of the most prominent features of social reward mechanisms in social media is the
iconic ‘thumbs up’ (giving or getting a ‘Like’; (co-)developed by Justin Rosenstein, former worker
at Facebook; see also independent.co.uk [73]). Likes demonstrate either positive social feedback on
one’s own posts or to give another person such a feedback. The power of such feedback has also been
proven neuroscientifically, when Instagram users are confronted with their own posted pictures from
their account which were manipulated by being presented either with many or few ‘Likes’ (in this case
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hearts [74]). Pictures being presented with many Likes elicit stronger activity in the ventral striatum,
an area involved of the processing of a rewards [74,75]. It has even been demonstrated that lower gray
matter volumes of the nucleus accumbens are associated with longer and higher frequent usage of the
Facebook app on smartphones underlining its addictive power [76]. Additionally, several other studies
observed that lower gray matter volumes were associated with higher addictive tendencies [77,78].

So far, in this paragraph only social reward via the ‘Like” function has been discussed. Beyond
that, processes of social comparison also play an important role for revisiting social media platforms
because a person gets information on how he/she is perceived by their social network. Without doubt,
the social comparison process is not unproblematic, because it might lead to lower self-esteem [79]
and the size of one’s own real social network to be successfully handled seems to be limited by the so
called Dunbar’s number (a theoretical limit to the number of people with whom any individual is
able to sustain a stable or meaningful social relationship, usually considered to be roughly 150 [80]),
likely also valid on social media channels such as Twitter [81]. Social comparison also plays a role in
Freemium games, when one thinks of the highscore-boards where you can compare your scores in a
game with those from others.

3.6. Zeigarnik/Ovsiankina Effect

Classic studies by Zeigarnik [82] and Rickers-Ovsiankina [83] made interesting observations
concerning memory functions and actions taken after being interrupted while performing a task. In the
classic work by Zelgarnik, participants of her study got interrupted while solving a puzzle and, in the
aftermath, best remembered those tasks where they were interrupted compared to those tasks which
they successfully could end. From the same work group, Rickers-Ovsiankina [83] then observed that
persons not only seem to be better at remembering the tasks where they got interrupted, but several of
the experiment’s participants even came back to the unfinished tasks after the experiment ended to
ultimately finish the task (and they were not asked to do so).

In sum, these classic works from the field of psychology suggest that individuals involved in the
execution of high investment tasks, react with (emotional) strain if interrupted. The final completion
of the task will remove this strain. These insights mirror in the design of Freemium games such as
Candy Crush Saga. This game has been downloaded an incredible 2.7 billion times in five years [84].
In this game, participants must solve levels in which they follow different missions while playing a
Tetris like game (although there are obviously several differences between the games, these cannot
be presented in detail here). Of note, when the game has not been played for a while, the gamer is
endowed with five lives. Some levels are very hard to solve and in case of Candy Crush Saga it is
even mentioned that a “super hard level” is coming up. As some of these levels are “super hard” to
solve (rumor has it that it is even impossible at first try), players easily loose several of those free lives
ending up with no energy to finish this “super hard level”. Being now really attracted by the game,
this results in emotional strain which consequently provokes people to spend extra money to buy
additional lives/gaming energy, because the next level is only a couple of minutes away.
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Table 1. Elements used to prolong usage time of social media apps and/or Freemium games.

Psychological Mechanisms Built-in Social

Media/Messenger Apps and/or Freemium Games Example/Illustration

As soon as one video is at the end on a website such as YouTube,

the next video begins with either a similar content or the second

episode of a TV show and so forth. By this, viewers get more and
more absorbed, which makes it hard to stop watching.

Endless scrolling/streaming

Every time players visit the app platform and invest more time
in the construction of the virtual world, it will get harder for
them to detach from the game or even delete the app. The
endowment effect might be both explained by ownership and
loss aversion. Also, of importance is the mere exposure effect
describing that the more often you are exposed to a certain
(neutral) thing or application (here a game), the more you like it.

Endowment effect/
mere-exposure effect

Tllustration from a WhatsApp feature: If a user sends a message
to a friend, the sender is presented with two gray ticks, which
means that the message has successfully arrived at the recipient’s
Social pressure phone. If the recipient reads the message, the grey ticks turn
blue. As both sides know about these rules, social pressure
emerges. Both parties likely expect a fast answer, above all, if the
message apparently has been read.

Facebook has a great interest in studying the behavior of each
person at perfection and in much detail, so that at best only such
Show users of an app what they like information is presented in the ‘Newsfeed” which is most
interesting for the user. Otherwise, people could get bored and
close the browser window.

Perhaps one of the most prominent features of social reward
mechanisms in social media is the iconic ‘thumbs up’. A ‘thumbs
up’ (‘'Like’) demonstrates either positive social feedback on one’s

own post or gives another person such a feedback.

Social comparison and social reward

The Zeigarnik effect refers to better remembering of tasks, where
a person has been interrupted. Rickers-Ovsiankina then showed
that such interrupted tasks are more likely to be finished later on
(even if one is not forced to do this).
[lustration: Some levels in Freemium games are very hard to
solve and in case of Candy Crush Saga it is even mentioned that
Zeigarnik effect/ a “super hard level” is coming up. As some of these levels are
Ovsiankina effect “super hard” to solve (rumor has it that it is even impossible at
first try), players easily loose several of those free lives ending up
with no energy to finish this “super hard level”. Being now really
attracted by the game, this results in emotional strain which
consequently provokes people to spend extra money to buy
additional lives/gaming energy, because the next level is only a
couple of minutes away.

4. Discussion

The present article provided its readers with an overview on often observed elements/features of
smartphone/Internet applications in-built to prolong the time spent using a certain app. The depicted
elements/features embedded in psychological and economic theory underline the notion that these
elements indeed have been designed to prolong app usage. Implementing such elements in a
smartphone-app will also contribute to a more addictive nature of apps. From our perspective, it is
of tremendous importance to further study such in-built elements, because SUD has been associated
with loneliness [85]. Although it is not clear what is hen and what is egg in this work (hence the
direction of causality), a growing number of studies indeed support such associations with further
demonstrating robust links between SUD and negative emotionality [5]. According to the I-PACE
model [26] (and its recent update [86]), a history of psychopathology might indeed be a vulnerability
factor to develop IUD (and its mobile form of SUD). Nevertheless, it is also imaginable that withdrawal
from society and escapism to the online world ultimately might cause loneliness and reduce social
connectedness, too [87]. Additional relevant areas discussed in the literature—probably being a result
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of too much online consumption—are links between IUD and BMI [88] and between IUD and body
image avoidance [89]. The latter effect is likely driven by social comparison processes, in particular
when a person is confronted with thin models or other (thin) attractive persons [90]. These effects might
be in particular strong on platforms such as Instagram and for those users with low self-esteem [91]
and being female [92,93]. In this context also the role of selfies [3,94] and the smartphone camera needs
to be mentioned [95].

Of importance, apps on smartphones are not in general bad and not always cause negative
emotionality or dissatisfaction with one’s own body image. In contrast, some applications might even
foster physical activity and help persons to improve their diet [96]. However, as mentioned, we focused
in the present research on the investigation of social media/messenger and Freemium game applications.
Such a focus is warranted because several studies already demonstrated that these applications are
important drivers of (excessive) smartphone usage (literature on social media/messenger applications
and smartphone usage [28,97,98]; literature on gaming and smartphone usage [29,99,100].

Although it needs to be tested further, the here investigated elements of the apps described against
psychological and economic theories all likely prolong usage times. Although literature on each of
the elements in the study of SUD is scarce, it has been demonstrated that persons have problems
in assessing their smartphone consumption, and this is probably due to time distortions [49,101].
Such time distortions are a well-known companion of flow processes as described in 3.1. Beyond
the element of flow, a recent study [102] also found empirical support for the endowment effect
indeed playing also a role with online products. The authors of this work observed via an online
experiment that “consumers become instantaneously attached to and are reluctant to give up digital
services once they have obtained them” ([102], p. 311). This all said, the study of elements in-built in
smartphone applications present a rather new research endeavor and many questions are still in need
to be answered. One of these questions is highlighted in the next section.

The overview so far presented the features separately. In real-world applications, usually several
of the explained elements can be found in one application. To our knowledge, studies are largely lacking
aiming at an understanding of how strong each of the aforementioned features of the platforms/games
impact upon usage time. Clearly, it will be of high interest to know how the different features interact
on usage time. For example, when the design of the ‘Newsfeed” according to the idea ‘show people
what they like” would prolong a person’s stay on Facebook by 10 min, and implementation of the
‘Like’-function by 5 min, will users stay 15 min longer on Facebook or will these effects interact with
each other, resulting in 25 min of online app usage? Indeed, this is hard to study for independent
scientists because they usually do not get access to data from platforms such as Facebook or Candy
Crush Saga. Therefore, one solution will be ultimately to design independent games/social media
apps for research purposes where different features are rolled out in different constellations and in
different versions of the same game or services. Of note, tech-companies use this approach often and
the literature refers here to ‘A/B-testing’. By implementing ‘A/B-testing’, it can easily be tested if version
A compared to version B of an online service prolongs usage time. Ethically, it is of great interest, that
most of these tests are unsolicited. This also speaks for that ultimately government regulation might
be necessary to force the industry to both open up for scientists from different disciplines to be able to
study the impact of the aforementioned elements and to build healthier business models.

5. Limitations and Changes of the Current Business Model in Apps?

The present work is of theoretical nature and carved out relevant mechanisms likely being
designed to prolong usage time of app-services dominating everyday life. Clearly, our assumption that
these mechanisms have been purely designed to prolong usage time of an app is speculative, but please
see also a larger serious scientific area dealing with persuasive design/technologies in the computer
sciences [103,104]. It cannot be said for sure what the app developers had in mind when constructing a
certain feature, but some developers, such as Justin Rosenstein, confess about the addictive nature
of some of the presented elements [73]. Aside from this, it is very likely that the main intention of
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implementing features as introduced above in an application, represents the prolongation of app usage,
because companies such as Facebook and Google earn their money with data.

Nevertheless, it is mentioned that in the last months a movement has been seen in the Silicon
Valley aiming to foster “Time Well Spent” on digital platforms [105]. Applications such as “Screentime”
on Apple’s iPhone or “Time Well Spent” on Facebook should help to reduce online time. How good
this actually works has not been investigated and please note that some of the authors (together with
computer scientists) presented a similar service for Android users already several years ago, hence years
before the app industry launched such a laudable initiative (CM and BL as part of a larger development
team with their Menthal application [106,107]). However, it seems that even the tech-industry has
learned that detrimental effects for mental health can arise due to their developed addictive app
mechanisms. Probably implementation of these new control features also reflects a reaction to pressure
from regulating bodies. Results from studies investigating the effect of smartphones and/or social
media use on well-being came up with diverse results [28,108-110]. Hence, it also needs to be better
understood what kind of use-reduction goes along with the healthiest effects.

Although no one can really predict if this is going to happen soon, the future will see if other
healthier business models will be built into applications without the addictive potential currently seen
in many of the prominent and often used applications. Apart from these new developments, the recent
work by Alutaybi et al. [45] needs to be mentioned, because it came up with ideas on how to reduce
FoMO and thereby likely also to reduce addictive tendencies towards social media applications. Before
going a bit more in detail concerning some of these ideas, it is noteworthy that the authors presented
FoMO eliciting features such as ‘temporal events’ in their article going beyond what is presented in
our work, perhaps also resulting in more addictive tendencies. Of note, a ‘temporal event’ could be
defined by an information being available only for a short time period (this was also one of the most
prominent Snapchat functions): Either a person is then fast in consuming the content or simply has not
seen what was going on. The authors end their interesting article with thoughts on “FoMO-Aware
SNSs Design” [45] (p. 4), in which they basically think about designing social media platforms giving
users the ability to make a short note on when they are available. This could help in reducing the urge
to constantly check social media, because others are aware of a person being absent (and therefore not
being able to reply), but also to set up bilateral or even collective protocols providing persons with
rules on when they want to respond to each other. The effects of such an intervention clearly still need
to be empirically tested. When comparing the work by Alutaybi et al. [45] and the present one, both of
them have merits, as the former has more of a computer science design approach to its analysis (also
in carving out ‘addictive’ or FoOMO elements), whereas in the present work it is stronger focused on
psychological/economic theories as described above.

Finally, the prominent honeycomb model by Kietzmann et al. [111] is mentioned, because it
represents one of the first models to systematically analyze the diverse building blocks of social media.
Of importance, this early very influential work addressed business persons in order to help them to
recognize the most congruent social media platform for their companies in terms of a social media
platform’s building blocks called identity, conversation, sharing, presence, relationships, reputation,
and groups. When focusing solely on addictive tendencies of social media sites, this framework might
be fruitful to be brought together with the present psychological theories in order to empirically tackle
the question in which area or areas of the honeycomb model, which of our presented features might
have what kind of impact on usage time.

Author Contributions: The present work was carried out and designed by all authors. C.M. wrote the first draft
of the manuscript, which was revised by all authors (B.L., M.H., K.Z.). Moreover, all authors approved the final
version of this work.

Funding: The position of C.M. is funded by a Heisenberg grant awarded to him by the German Research
Foundation (MO2363/3-2).

Conflicts of Interest: The authors declare no conflict of interest.



Int. |. Environ. Res. Public Health 2019, 16, 2612 11 of 16

References

1.  Statista.  Available online: https://www.statista.com/statistics/330695/number-of-smartphone-users-
worldwide/ (accessed on 2 April 2019).

2. Maisch, B.; Meckel, M. Innovationskommunikation 2.0—Das Beispiel Apple IPhone. Mark. Rev. St. Gallen
2009, 26, 42-46. [CrossRef]

3. Montag, C.; Diefenbach, S. Towards Homo Digitalis: Important Research Issues for Psychology and the
Neurosciences at the Dawn of the Internet of Things and the Digital Society. Sustainability 2018, 10, 415.
[CrossRef]

4. Scholz, R.; Bartelsman, E.; Diefenbach, S.; Franke, L.; Grunwald, A.; Helbing, D.; Hill, R.; Hilty, L.; Hojer, M.;
Klauser, S.; et al. Unintended Side Effects of the Digital Transition: European Scientists’ Messages from a
Proposition-Based Expert Round Table. Sustainability 2018, 10, 2001. [CrossRef]

5. Elhai, ].D.; Yang, H.; Montag, C. Cognitive- and Emotion-Related Dysfunctional Coping Processes:
Transdiagnostic Mechanisms Explaining Depression and Anxiety’s Relations with Problematic Smartphone
Use. Curr. Addict. Rep. 2019. [CrossRef]

6. Duke, E.; Montag, C. Smartphone Addiction, Daily Interruptions and Self-Reported Productivity. Addict.
Behav. Rep. 2017, 6, 90-95. [CrossRef] [PubMed]

7.  Duke, E.; Montag, C. Smartphone Addiction and Beyond: Initial Insights on an Emerging Research Topic
and Its Relationship to Internet Addiction. In Internet Addiction; Montag, C., Reuter, M., Eds.; Springer:
Cham, Switzerland, 2017; pp. 359-372.

8. Kushlev, K,; Proulx, J.; Dunn, E.-W. Silence Your Phones: Smartphone Notifications Increase Inattention and
Hyperactivity Symptoms. In Proceedings of the 2016 CHI Conference on Human Factors in Computing
Systems, San Jose, CA, USA, 7-12 May 2016; ACM Press: New York, NY, USA, 2016; pp. 1011-1020. [CrossRef]

9.  Kushlev, K,; Dunn, E-W. Checking Email Less Frequently Reduces Stress. Comput. Hum. Behav. 2015, 43,
220-228. [CrossRef]

10. Twenge, ].M.; Martin, G.N.; Campbell, W.K. Decreases in psychological well-being among American
adolescents after 2012 and links to screen time during the rise of smartphone technology. Emotion 2018, 18,
765-780. [CrossRef] [PubMed]

11. Ward, A.F; Duke, K.; Gneezy, A.; Bos, M.W. Brain drain: The mere presence of one’s own smartphone
reduces available cognitive capacity. J. Assoc. Consum. Res. 2017, 2, 140-154. [CrossRef]

12. Wilmer, H.H.; Sherman, L.E.; Chein, ].M. Smartphones and cognition: A review of research exploring the
links between mobile technology habits and cognitive functioning. Front. Psychol. 2018, 8, 605. [CrossRef]

13.  Kushlev, K; Hunter, ].F; Proulx, J.; Pressman, S.D.; Dunn, E. Smartphones reduce smiles between strangers.
Comput. Hum. Behav. 2019, 91, 12-16. [CrossRef]

14. Dwyer, RJ.; Kushlev, K.; Dunn, E.W. Smartphone use undermines enjoyment of face-to-face social interactions.
J. Exp. Soc. Psychol. 2018, 78, 233-239. [CrossRef]

15. Kushlev, K.; Dunn, E.W. Smartphones distract parents from cultivating feelings of connection when spending
time with their children. J. Soc. Pers. Relatsh. 2019, 36, 1619-1639. [CrossRef]

16. Melchers, M.; Li, M.; Chen, Y.; Zhang, W.; Montag, C. Lower empathy is associated with problematic Internet
use: Empirical evidence from Germany and China. Asian J. Psychiatry 2015, 17, 56-60. [CrossRef] [PubMed]

17.  Chou, WJ].; Huang, M.E,; Chang, Y.P.; Chen, YM.; Hu, H.F,; Yen, C.E. Social skills deficits and their association
with Internet addiction and activities in adolescents with attention-deficit/hyperactivity disorder. J. Behav.
Addict. 2016, 6, 42-50. [CrossRef] [PubMed]

18. Lachmann, B.; Sindermann, C.; Sariyska, R.; Luo, R.; Melchers, M.; Becker, B.; Montag, C. The Role of
Empathy and Life Satisfaction in Smartphone Use Disorder. Front. Psychol. 2018, 9, 398. [CrossRef] [PubMed]

19. Jeon, H].; Kim, S.; Chon, WH.; Ha, ].H. Is Internet overuse associated with impaired empathic ability in
Korean college students? Medicine 2018, 97, €12493. [CrossRef] [PubMed]

20. Lin, Y.-H; Chang, L.-R; Lee, Y.-H.; Tseng, H.-W.; Kuo, T.B.J.; Chen, S.-H. Development and Validation of the
Smartphone Addiction Inventory (SPAI). PLoS ONE 2014, 9, €98312. [CrossRef]

21. Kwon, M;; Lee, ].-Y.; Won, W.-Y,; Park, ].-W.; Min, ].-A.; Hahn, C.; Gu, X.; Choi, J.-H.; Kim, D.-]. Development
and Validation of a Smartphone Addiction Scale (SAS). PLoS ONE 2013, 8, €56936. [CrossRef]

22. Samaha, M.; Hawi, N.S. Relationships among smartphone addiction, stress, academic performance, and

satisfaction with life. Comput. Hum. Behav. 2016, 57, 321-325. [CrossRef]


https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
http://dx.doi.org/10.1007/s11621-009-0031-8
http://dx.doi.org/10.3390/su10020415
http://dx.doi.org/10.3390/su10062001
http://dx.doi.org/10.1007/s40429-019-00260-4
http://dx.doi.org/10.1016/j.abrep.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/29450241
http://dx.doi.org/10.1145/2858036.2858359
http://dx.doi.org/10.1016/j.chb.2014.11.005
http://dx.doi.org/10.1037/emo0000403
http://www.ncbi.nlm.nih.gov/pubmed/29355336
http://dx.doi.org/10.1086/691462
http://dx.doi.org/10.3389/fpsyg.2017.00605
http://dx.doi.org/10.1016/j.chb.2018.09.023
http://dx.doi.org/10.1016/j.jesp.2017.10.007
http://dx.doi.org/10.1177/0265407518769387
http://dx.doi.org/10.1016/j.ajp.2015.06.019
http://www.ncbi.nlm.nih.gov/pubmed/26233696
http://dx.doi.org/10.1556/2006.6.2017.005
http://www.ncbi.nlm.nih.gov/pubmed/28245666
http://dx.doi.org/10.3389/fpsyg.2018.00398
http://www.ncbi.nlm.nih.gov/pubmed/29636714
http://dx.doi.org/10.1097/MD.0000000000012493
http://www.ncbi.nlm.nih.gov/pubmed/30278539
http://dx.doi.org/10.1371/journal.pone.0098312
http://dx.doi.org/10.1371/journal.pone.0056936
http://dx.doi.org/10.1016/j.chb.2015.12.045

Int. |. Environ. Res. Public Health 2019, 16, 2612 12 of 16

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Pontes, H.M.; Schivinski, B.; Sindermann, C.; Li, M.; Becker, B.; Zhou, M.; Montag, C. Measurement
and conceptualization of Gaming Disorder according to the World Health Organization framework:
The development of the Gaming Disorder Test. Int. ]. Ment. Health Addict. 2019, 1-21. [CrossRef]

Miiller, M.; Brand, M.; Mies, ].; Lachmann, B.; Sariyska, R.Y.; Montag, C. The 2D:4D Marker and Different
Forms of Internet Use Disorder. Front. Psychiatry 2017, 8, 213. [CrossRef] [PubMed]

Wegmann, E.; Oberst, U.; Stodt, B.; Brand, M. Online-Specific Fear of Missing out and Internet-Use
Expectancies Contribute to Symptoms of Internet-Communication Disorder. Addict. Behav. Rep. 2017, 5,
33-42. [CrossRef] [PubMed]

Brand, M.; Young, K.S,; Laier, C.; Wolfling, K.; Potenza, M.N. Integrating Psychological and Neurobiological
Considerations Regarding the Development and Maintenance of Specific Internet-Use Disorders:
An Interaction of Person-Affect-Cognition-Execution (I-PACE) Model. Neurosci. Biobehav. Rev. 2016,
71,252-266. [CrossRef]

Billieux, J.; Schimmenti, A.; Khazaal, Y.; Maurage, P.; Heeren, A. Are We Overpathologizing Everyday Life? A
Tenable Blueprint for Behavioral Addiction Research. J. Behav. Addict. 2015, 4, 119-123. [CrossRef] [PubMed]
Sha, P; Sariyska, R.; Riedl, R.; Lachmann, B.; Montag, C. Linking Internet Communication and Smartphone
Use Disorder by Taking a Closer Look at the Facebook and WhatsApp Applications. Addict. Behav. Rep.
2019, 9, 100148. [CrossRef] [PubMed]

Leung, H.; Pakpour, A.H.; Strong, C.; Lin, Y.C.; Tsai, M.C.; Griffiths, M.D.; Lin, C.-Y.; Chen, L. H. Measurement
invariance across young adults from Hong Kong and Taiwan among three internet-related addiction scales:
Bergen Social Media Addiction Scale (BSMAS), Smartphone Application-Based Addiction Scale (SABAS),
and Internet Gaming Disorder Scale-Short Form (IGDS-SF9) (Study Part A). Addict. Behav. 2019. [CrossRef]
Alter, A. Irresistible: The Rise of Addictive Technology and the Business of Keeping Us Hooked; Penguin Press:
New York, NY, USA, 2017.

Lachmann, B.; Duke, E.; Sariyska, R.; Montag, C. Who’s Addicted to the Smartphone and/or the Internet?
Psychol. Pop. Media Cult. 2019, 8, 182-189. [CrossRef]

Peterka-Bonetta, J.; Sindermann, C.; Elhai, ].D.; Montag, C. Personality Associations with Smartphone and
Internet Use Disorder: A Comparison Study Including Links to Impulsivity and Social Anxiety. Front. Public
Health 2019, 7. [CrossRef]

Davis, K.L.; Montag, C. Selected Principles of Pankseppian Affective Neuroscience. Front. Neurosci. 2019, 12,
1025. [CrossRef]

Montag, C.; Becker, B.; Gan, C. The Multipurpose Application WeChat: A Review on Recent Research. Front.
Psychol. 2018, 9, 2247. [CrossRef]

Montag, C.; Blaszkiewicz, K ; Sariyska, R.; Lachmann, B.; Andone, I.; Trendafilov, B.; Eibes, M.; Markowetz, A.
Smartphone Usage in the 21st Century: Who Is Active on WhatsApp? BMC Res. Notes 2015, 8,331. [CrossRef]
[PubMed]

Statista. Available online: https://www.statista.com/topics/1906/mobile-gaming/ (accessed on 3 April 2019).
Young, K.S. Psychology of Computer Use: XL. Addictive Use of the Internet: A Case That Breaks the
Stereotype. Psychol. Rep. 1996, 79, 899-902. [CrossRef] [PubMed]

Sariyska, R.; Reuter, M.; Lachmann, B.; Montag, C. Attention Deficit/Hyperactivity Disorder Is a Better
Predictor for Problematic Internet Use than Depression: Evidence from Germany. J. Addict. Res. Ther. 2015,
6,1-6.

Yen, J.-Y.; Ko, C.-H.; Yen, C.-F; Wu, H.-Y.; Yang, M.-]. The Comorbid Psychiatric Symptoms of Internet
Addiction: Attention Deficit and Hyperactivity Disorder (ADHD), Depression, Social Phobia, and Hostility.
J. Adolesc. Health 2007, 41, 93-98. [CrossRef] [PubMed]

Yoo, HJ.; Cho, S.C,; Ha, J.; Yune, S.K; Kim, S.J.; Hwang, J.; Chung, A.; Sung, Y.H.; Lyoo, LK. Attention Deficit
Hyperactivity Symptoms and Internet Addiction. Psychiatry Clin. Neurosci. 2004, 58, 487-494. [CrossRef]
[PubMed]

Peterka-Bonetta, J.; Sindermann, C.; Sha, P.; Zhou, M.; Montag, C. The Relationship between Internet Use
Disorder, Depression and Burnout among Chinese and German College Students. Addict. Behav. 2019, 89,
188-199. [CrossRef] [PubMed]


http://dx.doi.org/10.1007/s11469-019-00088-z
http://dx.doi.org/10.3389/fpsyt.2017.00213
http://www.ncbi.nlm.nih.gov/pubmed/29249989
http://dx.doi.org/10.1016/j.abrep.2017.04.001
http://www.ncbi.nlm.nih.gov/pubmed/29450225
http://dx.doi.org/10.1016/j.neubiorev.2016.08.033
http://dx.doi.org/10.1556/2006.4.2015.009
http://www.ncbi.nlm.nih.gov/pubmed/26014667
http://dx.doi.org/10.1016/j.abrep.2018.100148
http://www.ncbi.nlm.nih.gov/pubmed/31193857
http://dx.doi.org/10.1016/j.addbeh.2019.04.027
http://dx.doi.org/10.1037/ppm0000172
http://dx.doi.org/10.3389/fpubh.2019.00127
http://dx.doi.org/10.3389/fnins.2018.01025
http://dx.doi.org/10.3389/fpsyg.2018.02247
http://dx.doi.org/10.1186/s13104-015-1280-z
http://www.ncbi.nlm.nih.gov/pubmed/26238512
https://www.statista.com/topics/1906/mobile-gaming/
http://dx.doi.org/10.2466/pr0.1996.79.3.899
http://www.ncbi.nlm.nih.gov/pubmed/8969098
http://dx.doi.org/10.1016/j.jadohealth.2007.02.002
http://www.ncbi.nlm.nih.gov/pubmed/17577539
http://dx.doi.org/10.1111/j.1440-1819.2004.01290.x
http://www.ncbi.nlm.nih.gov/pubmed/15482579
http://dx.doi.org/10.1016/j.addbeh.2018.08.011
http://www.ncbi.nlm.nih.gov/pubmed/30321691

Int. |. Environ. Res. Public Health 2019, 16, 2612 13 of 16

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Montag, C.; Bey, K.; Sha, P,; Li, M.; Chen, Y.-F,; Liu, W.-Y,; Zhu, Y.-K,; Li, C.-B.; Markett, S.; Keiper, J.; et al.
Is It Meaningful to Distinguish between Generalized and Specific Internet Addiction? Evidence from
a Cross-Cultural Study from Germany, Sweden, Taiwan and China. Asia-Pac. Psychiatry 2015, 7, 20-26.
[CrossRef] [PubMed]

Montag, C.; Becker, M. Psychological and Neuroscientific Advances to Understand Internet Use Disorder.
Neuroforum 2019, 25, 99-107.

King, D.L.; Delfabbro, PH.; Griffiths, M.D. The Role of Structural Characteristics in Problematic Video Game
Play: An Empirical Study. Int. J. Ment. Health Addict. 2011, 9, 320-333. [CrossRef]

Alutaybi, A.; Mcalaney, J.; Stefanidis, A.; Phalp, K.; McAlaney, J.; Ali, R. Designing Social Networks to
Combat Fear of Missing Out. Proc. Br. HCI 2018, 18, 1. [CrossRef]

Matz, S.C.; Kosinski, M.; Nave, G.; Stillwell, D.J. Psychological Targeting as an Effective Approach to Digital
Mass Persuasion. Proc. Natl. Acad. Sci. USA 2017, 114, 12714-12719. [CrossRef] [PubMed]

Zweig, K.A.; Lachmann, B.; Montag, C.; Herrlich, M. Kontinuierliches A/B-Testing Zur Optimierung von
Spielerbindung Und Monetarisierung Bei “Freemium”-Spielen. In Paradoxien des Verbraucherverhaltens;
Springer Fachmedien Wiesbaden: Wiesbaden, Germany, 2019; pp. 43-57.

Csikszentmihalyi, M. Flow: The Classic Work on How to Achieve Happiness; Random House: London, UK, 2002.
Montag, C.; Btaszkiewicz, K.; Lachmann, B.; Sariyska, R.; Andone, I; Trendafilov, B.; Markowetz, A.
Recorded Behavior as a Valuable Resource for Diagnostics in Mobile Phone Addiction: Evidence from
Psychoinformatics. Behav. Sci. 2015, 5, 434-442. [CrossRef] [PubMed]

Rau, P-L.P; Peng, S.-Y.; Yang, C.-C. Time Distortion for Expert and Novice Online Game Players. CyberPsychol.
Behav. 2006, 9, 396-403. [CrossRef] [PubMed]

Kim, H.-J.; Min, J.-Y,; Kim, H.-J.; Min, K.-B. Accident Risk Associated with Smartphone Addiction: A Study
on University Students in Korea. J. Behav. Addict. 2017, 6, 699-707. [CrossRef] [PubMed]

Harrigan, K.A.; Dixon, M. PAR Sheets, Probabilities, and Slot Machine Play: Implications for Problem and
Non-Problem Gambling. |. Gambl. Issues 2009, 81. [CrossRef]

Wikipedia.org. Available online: https://en.wikipedia.org/wiki/Hay_Day (accessed on 2 April 2019).
Kahneman, D.; Knetsch, J.L.; Thaler, R.H. Anomalies: The Endowment Effect, Loss Aversion, and Status Quo
Bias. J. Econ. Perspect. 1991, 5, 193-206. [CrossRef]

Thaler, R. Toward a Positive Theory of Consumer Choice. J. Econ. Behav. Organ. 1980, 1, 39-60. [CrossRef]
Zajonc, R.B. Mere Exposure: A Gateway to the Subliminal. Curr. Dir. Psychol. Sci. 2001, 10, 224-228.
[CrossRef]

Sariyska, R.; Reuter, M.; Bey, K.; Sha, P; Li, M.; Chen, Y.-F; Liu, W.-Y.; Zhu, Y.-K; Li, C.-B.; Sudrez-Rivillas, A.;
et al. Self-Esteem, Personality and Internet Addiction: A Cross-Cultural Comparison Study. Personal. Individ.
Differ. 2014, 61, 28-33. [CrossRef]

Statista. Available online: https://de.statista.com/statistik/daten/studie/285230/umfrage/aktive-nutzer-von-
whatsapp-weltweit/ (accessed on 21 July 2019).

Thaler, R.; Sunstein, C. Improving Decisions about Health, Wealth and Happiness; Penguin Books; Yale University
Press: New Haven, CT, USA, 2008.

Blabst, N.; Diefenbach, S. WhatsApp and Wellbeing: A Study on WhatsApp Usage, Communication Quality
and Stress. In Proceedings of the 31st British Computer Society Human Computer Interaction Conference,
Sunderland, UK, 3-6 July 2017; BCS Learning & Development Ltd.: Swindon, UK, 2017; pp. 1-6. [CrossRef]
Hadar, A.; Hadas, L; Lazarovits, A.; Alyagon, U.; Eliraz, D.; Zangen, A. Answering the Missed Call: Initial
Exploration of Cognitive and Electrophysiological Changes Associated with Smartphone Use and Abuse.
PLoS ONE 2017, 12. [CrossRef]

Przybylski, A.K.; Murayama, K.; DeHaan, C.R.; Gladwell, V. Motivational, Emotional, and Behavioral
Correlates of Fear of Missing Out. Comput. Hum. Behav. 2013, 29, 1841-1848. [CrossRef]

Dinner, I; Johnson, E.J.; Goldstein, D.G.; Liu, K. Partitioning Default Effects: Why People Choose Not to
Choose. J. Exp. Psychol. Appl. 2011, 17, 332-341. [CrossRef] [PubMed]

Kesan, ].P.; Shah, R.C. Setting Software Defaults: Perspectives from Law, Computer Science and Behavioral
Economics. Notre Dame Law Rev. 2006, 82, 583-634.

Available online: https://archive.uie.com/brainsparks/2011/09/14/do-users-change-their-settings/ (accessed
on 17 April 2019).


http://dx.doi.org/10.1111/appy.12122
http://www.ncbi.nlm.nih.gov/pubmed/24616402
http://dx.doi.org/10.1007/s11469-010-9289-y
http://dx.doi.org/10.14236/ewic/HCI2018.80
http://dx.doi.org/10.1073/pnas.1710966114
http://www.ncbi.nlm.nih.gov/pubmed/29133409
http://dx.doi.org/10.3390/bs5040434
http://www.ncbi.nlm.nih.gov/pubmed/26492275
http://dx.doi.org/10.1089/cpb.2006.9.396
http://www.ncbi.nlm.nih.gov/pubmed/16901242
http://dx.doi.org/10.1556/2006.6.2017.070
http://www.ncbi.nlm.nih.gov/pubmed/29099234
http://dx.doi.org/10.4309/jgi.2009.23.5
https://en.wikipedia.org/wiki/Hay_Day
http://dx.doi.org/10.1257/jep.5.1.193
http://dx.doi.org/10.1016/0167-2681(80)90051-7
http://dx.doi.org/10.1111/1467-8721.00154
http://dx.doi.org/10.1016/j.paid.2014.01.001
https://de.statista.com/statistik/daten/studie/285230/umfrage/aktive-nutzer-von-whatsapp-weltweit/
https://de.statista.com/statistik/daten/studie/285230/umfrage/aktive-nutzer-von-whatsapp-weltweit/
http://dx.doi.org/10.14236/ewic/HCI2017.85
http://dx.doi.org/10.1371/journal.pone.0180094
http://dx.doi.org/10.1016/j.chb.2013.02.014
http://dx.doi.org/10.1037/a0024354
http://www.ncbi.nlm.nih.gov/pubmed/21707203
https://archive.uie.com/brainsparks/2011/09/14/do-users-change-their-settings/

Int. |. Environ. Res. Public Health 2019, 16, 2612 14 of 16

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Mai, L.M.; Freudenthaler, R.; Schneider, EM.; Vorderer, P. “I Know You’'ve Seen It!” Individual and Social
Factors for Users” Chatting Behavior on Facebook. Comput. Hum. Behav. 2015, 49, 296-302. [CrossRef]
Eichstaedt, ].C.; Smith, R.J.; Merchant, R.M.; Ungar, L.H.; Crutchley, P; Preotiuc-Pietro, D.; Asch, D.A.;
Schwartz, H.A. Facebook Language Predicts Depression in Medical Records. Proc. Natl. Acad. Sci. USA
2018, 115, 11203-11208. [CrossRef] [PubMed]

Kramer, A.D.L; Guillory, J.E.; Hancock, J.T. Experimental Evidence of Massive-Scale Emotional Contagion
through Social Networks. Proc. Natl. Acad. Sci. USA 2014, 111, 8788-8790. [CrossRef] [PubMed]

Schwartz, H.A; Eichstaedt, J.; Kern, M.L.; Park, G.; Sap, M.; Stillwell, D.; Kosinski, M.; Ungar, L. Towards
Assessing Changes in Degree of Depression through Facebook. In Proceedings of the Workshop on
Computational Linguistics and Clinical Psychology: From Linguistic Signal to Clinical Reality, Baltimore,
MD, USA, June 2014; pp. 118-125.

Bakamitsos, G.A.; Siomkos, G.J. Context Effects in Marketing Practice: The Case of Mood. . Consum. Behav.
Int. Res. Rev. 2004, 3, 304-314. [CrossRef]

Gardner, M.P. Mood States and Consumer Behavior: A Critical Review. ]. Consum. Res. 1985, 12, 281.
[CrossRef]

Rader, E.; Gray, R. Understanding User Beliefs about Algorithmic Curation in the Facebook News Feed.
In Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems—CHI 15,
Seoul, Korea, 8-23 April 2015; ACM Press: New York, NY, USA, 2015; pp. 173-182. [CrossRef]

Man Who Invented ‘Like’ Button Deletes Facebook App over Addiction Fears. Available
online: https://www.independent.co.uk/life-style/gadgets-and-tech/facebook-like-inventor-deletes-app-
iphone-justin-rosenstein-addiction-fears-a7986566.html (accessed on 3 April 2019).

Sherman, L.E.; Payton, A.A.; Hernandez, L.M.; Greenfield, P.M.; Dapretto, M. The Power of the Like in
Adolescence: Effects of Peer Influence on Neural and Behavioral Responses to Social Media. Psychol. Sci.
2016, 27, 1027-1035. [CrossRef]

Sherman, L.E.; Greenfield, PM.; Hernandez, L.M.; Dapretto, M. Peer Influence via Instagram: Effects on
Brain and Behavior in Adolescence and Young Adulthood. Child Dev. 2018, 89, 37-47. [CrossRef]

Montag, C.; Markowetz, A.; Blaszkiewicz, K.; Andone, I.; Lachmann, B.; Sariyska, R.; Trendafilov, B.;
Eibes, M.; Kolb, J.; Reuter, M.; et al. Facebook Usage on Smartphones and Gray Matter Volume of the Nucleus
Accumbens. Behav. Brain Res. 2017, 329, 221-228. [CrossRef]

Makris, N.; Oscar-Berman, M.; Jaffin, S.K.; Hodge, S.M.; Kennedy, D.N.; Caviness, V.S.; Marinkovic, K.;
Breiter, H.C.; Gasic, G.P,; Harris, G.J. Decreased Volume of the Brain Reward System in Alcoholism. Biol.
Psychiatry 2008, 64, 192-202. [CrossRef] [PubMed]

Seifert, C.L.; Magon, S.; Sprenger, T.; Lang, U.E.; Huber, C.G.; Denier, N.; Vogel, M.; Schmidt, A.; Radue, E.-W,;
Borgwardt, S.; et al. Reduced Volume of the Nucleus Accumbens in Heroin Addiction. Eur. Arch. Psychiatry
Clin. Neurosci. 2015, 265, 637-645. [CrossRef] [PubMed]

Vogel, E.A.; Rose, ].P; Roberts, L.R.; Eckles, K. Social Comparison, Social Media, and Self-Esteem. Psychol.
Pop. Media Cult. 2014, 3, 206-222. [CrossRef]

Dunbar, R. How Many Friends Does One Person Need? Dunbar’s Number and Other; Faber & Faber: London,
UK, 2010.

Gongalves, B.; Perra, N.; Vespignani, A. Modeling Users’ Activity on Twitter Networks: Validation of
Dunbar’s Number. PLoS ONE 2011, 6, €22656. [CrossRef] [PubMed]

Zeigarnik, B.V. Uber das Behalten von Erledigten und Unerledigten Handlungen; J. Springer: Wiesbaden,
Germany, 1927.

Rickers-Ovsiankina, M.A. Die Wiederaufnahme Unterbrochener Handlungen; Springer: Berlin, Germany, 1928.
Candy Crush Saga: 2.73 Billion Downloads in Five Years and still Counting. Available online: https:
//[venturebeat.com/2017/11/17/candy-crush-saga-2-73-billion-downloads-in-five-years-and-still-counting/
(accessed on 2 April 2019).

Bian, M.; Leung, L. Linking loneliness, shyness, smartphone addiction symptoms, and patterns of smartphone
use to social capital. Soc. Sci. Comput. Rev. 2015, 33, 61-79. [CrossRef]

Brand, M.; Wegmann, E.; Stark, R.; Miiller, A.; Wolfling, K.; Robbins, T.W.; Potenza, M.N. The Interaction
of Person-Affect-Cognition-Execution (I-PACE) model for addictive behaviors: Update, generalization to
addictive behaviors beyond Internet-use disorders, and specification of the process character of addictive
behaviors. Neurosci. Biobehav. Rev. 2019, 104, 1-10. [CrossRef]


http://dx.doi.org/10.1016/j.chb.2015.01.074
http://dx.doi.org/10.1073/pnas.1802331115
http://www.ncbi.nlm.nih.gov/pubmed/30322910
http://dx.doi.org/10.1073/pnas.1320040111
http://www.ncbi.nlm.nih.gov/pubmed/24889601
http://dx.doi.org/10.1002/cb.144
http://dx.doi.org/10.1086/208516
http://dx.doi.org/10.1145/2702123.2702174
https://www.independent.co.uk/life-style/gadgets-and-tech/facebook-like-inventor-deletes-app-iphone-justin-rosenstein-addiction-fears-a7986566.html
https://www.independent.co.uk/life-style/gadgets-and-tech/facebook-like-inventor-deletes-app-iphone-justin-rosenstein-addiction-fears-a7986566.html
http://dx.doi.org/10.1177/0956797616645673
http://dx.doi.org/10.1111/cdev.12838
http://dx.doi.org/10.1016/j.bbr.2017.04.035
http://dx.doi.org/10.1016/j.biopsych.2008.01.018
http://www.ncbi.nlm.nih.gov/pubmed/18374900
http://dx.doi.org/10.1007/s00406-014-0564-y
http://www.ncbi.nlm.nih.gov/pubmed/25467383
http://dx.doi.org/10.1037/ppm0000047
http://dx.doi.org/10.1371/journal.pone.0022656
http://www.ncbi.nlm.nih.gov/pubmed/21826200
https://venturebeat.com/2017/11/17/candy-crush-saga-2-73-billion-downloads-in-five-years-and-still-counting/
https://venturebeat.com/2017/11/17/candy-crush-saga-2-73-billion-downloads-in-five-years-and-still-counting/
http://dx.doi.org/10.1177/0894439314528779
http://dx.doi.org/10.1016/j.neubiorev.2019.06.032

Int. |. Environ. Res. Public Health 2019, 16, 2612 15 of 16

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.
106.

107.

Savci, M.; Aysan, F. Technological addictions and social connectedness: Predictor effect of internet addiction,
social media addiction, digital game addiction and smartphone addiction on social connectedness. Dusunen
Adam ]. Psychiatry Neurol. Sci. 2017, 30, 202-216. [CrossRef]

Canan, F,; Yildirim, O.; Ustunel, T.Y.; Sinani, G.; Kaleli, A.H.; Gunes, C.; Ataoglu, A. The relationship between
internet addiction and body mass index in Turkish adolescents. Cyberpsychol. Behav. Soc. Netw. 2014, 17,
40-45. [CrossRef]

Rodgers, R.F,; Melioli, T.; Laconi, S.; Bui, E.; Chabrol, H. Internet addiction symptoms, disordered eating,
and body image avoidance. Cyberpsychol. Behav. Soc. Netw. 2013, 16, 56-60. [CrossRef]

Brown, Z.; Tiggemann, M. Attractive celebrity and peer images on Instagram: Effect on women’s mood and
body image. Body Image 2016, 19, 37-43. [CrossRef] [PubMed]

Ahadzadeh, A.S,; Sharif, S.P.; Ong, FSS. Self-schema and self-discrepancy mediate the influence of Instagram
usage on body image satisfaction among youth. Comput. Hum. Behav. 2017, 68, 8-16. [CrossRef]

Cohen, R.; Newton-John, T.; Slater, A. The relationship between Facebook and Instagram appearance-focused
activities and body image concerns in young women. Body Image 2017, 23, 183-187. [CrossRef] [PubMed]
Meier, E.P.,; Gray, ]. Facebook photo activity associated with body image disturbance in adolescent girls.
Cyberpsychol. Behav. Soc. Netw. 2014, 17, 199-206. [CrossRef] [PubMed]

Cohen, R.; Newton-John, T.; Slater, A. ‘Selfie’-objectification: The role of selfies in self-objectification and
disordered eating in young women. Comput. Hum. Behav. 2018, 79, 68-74. [CrossRef]

Glitsos, L. The camera phone in the concert space: Live music and moving images on the screen. Music
Sound Mov. Image 2018, 12, 33-52, 85. [CrossRef]

Schoeppe, S.; Alley, S.; Rebar, A.L.; Hayman, M.; Bray, N.A.; Van Lippevelde, W.; Gnam, J.P.; Bachert, P;
Direito, A.; Vandelanotte, C. Apps to improve diet, physical activity and sedentary behaviour in children
and adolescents: A review of quality, features and behaviour change techniques. Int. J. Behav. Nutr. Phys.
Act. 2017, 14, 83. [CrossRef]

Haug, S.; Paz Castro, R.; Kwon, M.; Filler, A.; Kowatsch, T.; Schaub, M.P. Smartphone use and smartphone
addiction among young people in Switzerland. J. Behav. Addict. 2015, 4, 299-307. [CrossRef]
Zhitomirsky-Geffet, M.; Blau, M. Cross-generational analysis of predictive factors of addictive behavior in
smartphone usage. Comput. Hum. Behav. 2016, 64, 682—-693. [CrossRef]

Lopez-Fernandez, O.; Mannikko, N.; Kaaridinen, M.; Griffiths, M.D.; Kuss, D.]. Mobile gaming and
problematic smartphone use: A comparative study between Belgium and Finland. J. Behav. Addict. 2018, 7,
88-99. [CrossRef]

Lopez-Fernandez, O.; Kuss, D.J.; Romo, L.; Morvan, Y.; Kern, L.; Graziani, P.; Rousseau, A.; Rumpf, H.J.;
Bischof, A.; Géssler, A.K,; et al. Self-reported dependence on mobile phones in young adults: A european
cross-cultural empirical survey. J. Behav. Addict. 2017, 6, 168-177. [CrossRef] [PubMed]

Lin, YH.; Lin, Y.C; Lee, YH,; Lin, PH,; Lin, S.H.; Chang, L.R.; Tseng, HW.; Yen, L.Y.; Yang, C.C.; Kuo, T.B.
Time distortion associated with smartphone addiction: Identifying smartphone addiction via a mobile
application (App). J. Psychiatr. Res. 2015, 65, 139-145. [CrossRef] [PubMed]

Fritze, M.P; Eisingerich, A.B.; Benkenstein, M. Digital transformation and possession attachment: Examining
the endowment effect for consumers’ relationships with hedonic and utilitarian digital service technologies.
Electron. Commer. Res. 2019, 19, 311-337. [CrossRef]

Hamari, J.; Koivisto, J.; Pakkanen, T. Do persuasive technologies persuade?-a review of empirical studies. In
International Conference on Persuasive Technology; Springer: Cham, Switzerland, 2014; pp. 118-136.
Oinas-Kukkonen, H.; Harjumaa, M. A systematic framework for designing and evaluating persuasive
systems. In International Conference on Persuasive Technology; Springer: Berlin/Heidelberg, Germany, 2008;
pp- 164-176.

Facebook. Available online: https://de-de.facebook.com/timewellspent.io/ (accessed on 2 April 2019).
Andone, I; Blaszkiewicz, K.; Eibes, M.; Trendafilov, B.; Montag, C.; Markowetz, A. Menthal: A Framework
for Mobile Data Collection and Analysis. In Proceedings of the 2016 ACM International Joint Conference on
Pervasive and Ubiquitous Computing Adjunct—UbiComp "16, Heidelberg, Germany, 12-16 September 2016;
ACM Press: New York, NY, USA, 2016; pp. 624-629. [CrossRef]

Andone, I; Bltaszkiewicz, K.; Trendafilov, B.; Eibes, M.; Montag, C.; Markowetz, A. Menthal—Running a
Science Project as a Start-Up. In Proceedings of the Computing in Mental Health, Workshop at CHI 2016,
San Jose, CA, USA, 7-12 May 2016.


http://dx.doi.org/10.5350/DAJPN2017300304
http://dx.doi.org/10.1089/cyber.2012.0733
http://dx.doi.org/10.1089/cyber.2012.1570
http://dx.doi.org/10.1016/j.bodyim.2016.08.007
http://www.ncbi.nlm.nih.gov/pubmed/27598763
http://dx.doi.org/10.1016/j.chb.2016.11.011
http://dx.doi.org/10.1016/j.bodyim.2017.10.002
http://www.ncbi.nlm.nih.gov/pubmed/29055773
http://dx.doi.org/10.1089/cyber.2013.0305
http://www.ncbi.nlm.nih.gov/pubmed/24237288
http://dx.doi.org/10.1016/j.chb.2017.10.027
http://dx.doi.org/10.3828/msmi.2018.2
http://dx.doi.org/10.1186/s12966-017-0538-3
http://dx.doi.org/10.1556/2006.4.2015.037
http://dx.doi.org/10.1016/j.chb.2016.07.061
http://dx.doi.org/10.1556/2006.6.2017.080
http://dx.doi.org/10.1556/2006.6.2017.020
http://www.ncbi.nlm.nih.gov/pubmed/28425777
http://dx.doi.org/10.1016/j.jpsychires.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/25935253
http://dx.doi.org/10.1007/s10660-018-9309-8
https://de-de.facebook.com/timewellspent.io/
http://dx.doi.org/10.1145/2968219.2971591

Int. |. Environ. Res. Public Health 2019, 16, 2612 16 of 16

108. Stieger, S.; Lewetz, D. A week without using social media: Results from an ecological momentary intervention
study using smartphones. Cyberpsychol. Behav. Soc. Netw. 2018, 21, 618-624. [CrossRef] [PubMed]

109. Tromholt, M. The Facebook experiment: Quitting Facebook leads to higher levels of well-being. Cyberpsychol.
Behav. Soc. Netw. 2016, 19, 661-666. [CrossRef] [PubMed]

110. Vanman, E.J.; Baker, R.; Tobin, S.]. The burden of online friends: The effects of giving up Facebook on stress
and well-being. J. Soc. Psychol. 2018, 158, 496-508. [CrossRef] [PubMed]

111. Kietzmann, ].H.; Hermkens, K.; McCarthy, L.P; Silvestre, B.S. Social Media? Get Serious! Understanding the
Functional Building Blocks of Social Media. Bus. Horiz. 2011, 54, 241-251. [CrossRef]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1089/cyber.2018.0070
http://www.ncbi.nlm.nih.gov/pubmed/30334650
http://dx.doi.org/10.1089/cyber.2016.0259
http://www.ncbi.nlm.nih.gov/pubmed/27831756
http://dx.doi.org/10.1080/00224545.2018.1453467
http://www.ncbi.nlm.nih.gov/pubmed/29558267
http://dx.doi.org/10.1016/j.bushor.2011.01.005
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Perils of Smartphone Use 
	Main Research Questions in the Available Literature Investigated so Far 

	Methods 
	Results 
	Endless Scrolling/Streaming and the Concept of Flow 
	Endowment Effect/Mere Exposure Effect 
	Social Pressure 
	Show Users of an App What They Like 
	Social Comparison and Social Reward 
	Zeĭgarnik/Ovsiankina Effect 

	Discussion 
	Limitations and Changes of the Current Business Model in Apps? 
	References

